Background: Lipofilling is a cosmetic surgical procedure that consists in the withdrawal of a small quantity of fat tissue from a suitable anatomic area and the reimplantation of this tissue in another corporeal district in the same individual, so as to obtain a filling effect. Recently, adipose-derived stem cells (ADSCs) have been isolated in the aspirates. These are pluripotent mesenchymal stem cells that are able to differentiate in mature adipose cells or other adult mesenchymal cells after paracrine or autocrine hormonal stimulations, thus favoring a longer survival of the implanted tissues. Methods: In this article, we have defined a new method for liposuction (Prolipostem®), where the ADSCs are recovered and mixed with the suctioned adipose tissue derived from the abdominal fat, before the reimplantation. Results: We have demonstrated by immunocytochemistry the presence of ADSCs in the adipose tissue taken with Prolipostem® from the abdominal fat and the ability of these ADSCs to differentiate in mature adipose cells in vitro. Conclusions: The possibility to enrich the tissue to be implanted with ADSCs would assure a longer survival of the cells implanted and a regeneration of the host tissue thanks to growth and angiogenic stimuli induced by the ADSCs.
Background
Lipofilling is a very popular cosmetic surgical procedure. It finds several indications both in reconstructive surgery and esthetic surgery for the body remodeling (Sinno et al. 2016; Kasem et al. 2015) . The technique consists in the withdrawal of a small quantity of fat tissue from a suitable anatomic area (abdomen, sides, thighs, knees) and the reimplantation of this tissue in another corporeal district in the same individual, so as to obtain a filling effect (Joyce et al. 2015; Savoia et al. 2014; Savoia et al. 2013) . Therefore, the adipose tissue is taken and reimplanted in security in the same patient setting up an autologous transplant.
After implantation, the adipose tissue can undergo various transformations: (a) it can be quickly degraded by the organism itself if there is not adequate hematic contribution; (b) it can be encapsulated if the plan of implantation is not correct; (c) it can be calcified (above all in the mammary gland) if the amount of tissue implanted is big (Yoshimura et al. 2006) . It is therefore clear that, if the fat is injected in large quantities, not all fat cells will be in contact with vascularized tissues and they will subsequently undergo apoptosis, necrosis, and resorption.
Recently, adipose-derived stem cells (ADSCs) have been isolated in the aspirates (Sterodimas et al. 2011) . These are pluripotent mesenchymal stem cells that are similar to bone marrow-derived mesenchymal stem cells (Sterodimas et al. 2011; Tiryaki et al. 2011; Park et al. 2008 ). Indeed, ADSCs are able to differentiate in mature adipose cells or other adult mesenchymal cells after paracrine or autocrine hormonal stimulations (Yang et al. 2010; Takeda et al. 2015; Wang et al. 2015; Salibian et al. 2013 ). This characteristic of ADSCs would allow the regeneration and, therefore, a longer survival of the implanted tissues (Ryu et al. 2013; Ellenbogen et al. 2005) . Unfortunately, with the standard techniques for liposuction, the vast majority of ADSCs are lost during the procedure (Sterodimas et al. 2011) . In fact, suctioned adipose tissue by means of centrifugation and vacuum pressure is divided in two portions: a fatty portion that consists of shredded adipose tissue and a fluid portion composed by the saline solution pre-injected into the site of suction, peripheral blood and cells derived from adipose tissue (Sterodimas et al. 2011; Tiryaki et al. 2011) . Among these cells, there are also ADSCs, as clearly demonstrated (Sterodimas et al. 2011) . The liquid portion of the suction, indeed, is generally discarded and not included in the material that is implanted.
To overcome this problem, our research group has defined a new method for liposuction (Prolipostem®), where the ADSCs are recovered and mixed with the suctioned adipose tissue before the reimplantation. The possibility to enrich the tissue to be implanted with ADSCs would assure a longer survival of the cells implanted and a regeneration of the host tissue thanks to growth and angiogenic stimuli induced by the ADSCs. Goal of this work is to demonstrate the presence of ADSCs in the adipose tissue taken with Prolipostem® and the ability of these ADSCs to, eventually, differentiate in mature adipose cells in vitro.
Methods

Patients
Five female patients aged between 37 and 50 years old have participated in the study. All the procedures have been performed in anti-aging centers of PROMOITALIA (Pozzuoli, Italy). All the patients had typical aging signs and required a lipofilling. All patients were carefully informed about the procedures and all signed an informed consent.
Liposuction protocol
Local anesthesia, was done with Lidocain at 1-2%, diluted Epinefrin 1/200,000 and the addition of NaHCO3 diluted 1/9 cc. Liposuction from the abdominal fat was performed with the Prolipostem® kit. Two liposuctions for a total of 40 ml of adipose tissue were accomplished for each patient. The kit uses a special syringe with a controlled vacuum that allows the fat aspiration without the necessity of a pneumatic pump and a distinct chamber for the collection of the adipose tissue (Promobarell®). This chamber was, then, centrifuged at 3000 rpm for 7 min. At the end of the centrifugation, a fatty and a fluid portion were clearly visible in the chambers (Fig. 1) . The upper portion was fatty and consisted of the suctioned adipose tissue and an oily component coming from the damaged adipose tissue; the lower portion was fluid and consisted of physiological solution mixed with anesthetics, peripheral blood, stromal tissue and ADSCs. By the use of a special nut runner, the oil component together with peripheral blood and the physiological solution were removed and the adipose tissue was mixed with the staminal cell and with the stromal component.
Cell isolation
The sample obtained from the liposuction with the Prolipostem® kit was washed with phosphate-buffered saline (PBS) containing 5% penicillin/streptomycin in order to remove debris and the local anesthetic present after liposuction. For the tissue digestion, a 0.075% solution of collagenase I was used at a temperature of 37°C under stirring for 30 min. After 30 min, a culture medium DMEM (Dulbecco's modified Eagle's medium) containing a 10% fetal bovine serum (FBS) was added to neutralize collagenase I. After centrifuging samples at a speed of 1300 rpm for a time of 10 min, a pellet containing ADSCs was obtained. The pellet was resuspended with a solution containing ammonium chloride (0.16 M NH 4 Cl) for the lysis of erythrocytes for 10 min and then centrifuged at a speed of 1300 rpm for 10 min. The pellet then was resuspended in complete culture medium (DMEM supplemented with 10% FBS and 1% antibiotic/antimycotic) and the cells plated at a density of 1 × 10 6 cells per dish. 
Cell culture
Freshly isolated ADSCs were plated in medium at a density of 1 × 10 6 cells per dish. Cells were cultured with standard protocol as previously described Lucariello et al. 2013) . Briefly, cells were cultured at 37°C, 5% CO 2 , in humid air. The culture medium was DMEM supplemented with 10% FBS and 1% antibiotic/antimycotic. Primary cells were cultured for 7 days and were defined as "Passage 0." The medium was replaced every 3 days, and cells were passaged every week. After primary culture for 7 days, attached cells were passaged by trypsinization and plated in the same medium at a density of 2000 cells/cm 2 .
Induced differentiation
Differentiation was performed with standard protocol as previously described (Manente et al. 2012; Esposito et al. 2013; Esposito et al. 2012a) . Briefly, 7 days after seeding ADSCs at Passage 3-5, cell differentiation was initiated by replacing the DMEM culture medium. Cells cultured in control medium were used as negative controls. For adipogenic differentiation, confluent cultures were incubated for 14 days either in a medium without FBS and supplemented with platelets and calcium gluconate 5%, or in a medium containing a "lipogenic solution" made up with an insulin-like peptide, glucose 5%, hyaluronic acid 0.5%, and calcium gluconate 1%. The media were replaced every 3 days, and at 0-7-14 days of treatment, cells were stained with Oil Red O in order to highlight the lipid droplets.
Oil Red O
Oil Red O was performed to visualize lipid droplets. Briefly, as previously described (Esposito et al. 2009; Esposito et al. 2012b; Esposito et al. 2015) , cells were fixed with 4% paraformaldehyde for 10 min, after they were washed with 60% isopropanol and incubated for 15 min to visualize lipid droplets. Cells were then washed with isopropanol and counterstained with hematoxylin. Plates were observed by a phase contrast microscope. Lipids appeared red and the nuclei appeared blue.
Immunocytochemistry
Immunocytochemistry was performed as previously described (Signorile and Baldi 2015; Spugnini et al. 2013) . Briefly, fixed cells on microscope slides (4% paraformaldehyde for 10 min) were washed with PBS, then immunocytochemical analysis were made in order to confirm the presence of stem cells. For this analysis, a specific antibody for β1-integrin (Sigma) has been used at a dilution of 1:100 for 1 h at room temperature. Negative controls for each tissue section were prepared by leaving out the primary antibody. After washing with triphosphate-buffered saline (TBS), sections were incubated with biotinylated goat anti-mouse\anti-rabbit immunoglobulin G (Dako A\S, Denmark) for 10 min, then washed with TBS, treated with streptoavidin-peroxydase reagent (Dako A\S, Denmark) for 10 min and washed again with TBS. Finally, cells were incubated in diaminobenzidine (DAB) for 5 min, followed by hematoxylin counterstaining. Negative controls were performed by leaving out the primary antibody.
Results
ADSCs are present in the adipose tissue taken with Prolipostem®
It is well known that ADSCs express several markers (Zhu et al. 2010) . To investigate the possibility that among the cells extracted from the tissue sample obtained from the liposuction with the Prolipostem® procedure there were also ADSCs, we performed immunocytochemical analysis for β1-integrin essentially as described in the "Materials and methods" section. ADSCs, once isolated from the adipose tissue, have been propagated in suitable flasks and the cultivation medium has been renewed every 2 or 3 days in order to remove the left cells in suspension. After three passages, cells were fixed and analyzed by immunohistochemistry as described in the "Materials and methods" section. Indeed, several cells were positive for integrin as shown in Fig. 2 .
ADSCs are able to differentiate in adult adipocytes
ADSCs in culture, under adequate stimulus, are able to differentiate in osteoblasts, adipocytes, and chondrocytes. In this work we have induced the differentiation in adipocytes using different medium with various induction factors. Cells have been treated by 14 days, period during which they have been monitored and stained to verify any changes. At day 0, a first Oil Red staining has been made to exclude the presence of adipocytes in the culture (Fig. 3a) . At day 7, a second Oil Red staining has been made on the cells treated with the two differentiation medium. Indeed, we observed the total absence of lipid droplets in the cytoplasm of the cells treated with the first differentiation medium (Fig. 3c, d ), while they were already visible in the cells treated with the second differentiation medium (Fig. 3e) .
At the day 14 (end of the treatment), another Oil Red staining was performed and lipidic droplets in the cell cytoplasm were visible in all treatments (Fig. 3g-i) . A negative staining with Oil Red in control cells is depicted in Fig. 3f .
Discussion
Autologous fat transplantation is an ideal treatment for facial rejuvenation and soft tissue augmentations providing "like for like" tissue material; however, the success of traditional fat grafting has been unpredictable and often unsatisfactory. The persistent clinical confusion associated with the viability and predictability of fat grafting is related to the mechanism of fat survival in the recipient area (Zhu et al. 2010) . For large-volume fat transfers or relocations into a hostile recipient bed, the beneficiary area vascularity might be insufficient for the ischemic graft, leading to graft necrosis (Sinno et al. 2016; Kasem et al. 2015) . This may be particularly true for injections into areas where the circulation and wound-healing capacity is impaired by previous fibrosis due to surgery, injections, radiotherapy, or any other acquired pathology (Kasem et al. 2015; Yoshimura et al. 2006) . One recent innovation to deal with such problems is the enrichment of the transplant with autologous regenerative cells (Yoshimura et al. 2010; Yoshimura et al. 2008 ). For example, Yoshimura et al. ) described a cell-assisted lipo-transfer (CAL) method to graft large amounts of fat for breast augmentation and breast reconstruction. Autologous regenerative cells can be obtained from the processing of either lipo-suctioned or excised fat (Sterodimas et al. 2011 ). This tissue is ease to harvest and the volume of tissue obtainable from liposuction contains 100-1000 times more pluripotent cells per cubic centimeter than bone marrow (Strem et al. 2005 ). According to the literature, it is possible to harvest up to 200 × 10 6 regenerative cells from 500 cc of lipo-aspirate, which makes cell culture unnecessary (Aust et al. 2004 ). This leads to higher safety and efficacy in clinical setting, since cells are minimally manipulated. These regenerative cells contain several types of cells, including ADSCs, vessel-forming cells, and progenitor cells, from which a variety of mesodermal cell types (bone, cartilage, blood) can be generated (Ryu et al. 2013) . In detail, the ratio of adipocytes to ADSCs is constant in humans and it is independent of age and body mass index (van Harmelen et al. 2003) .
Although the exact mechanism of ADSCs is unknown, it is thought that staminal cells contribute to graft survival through proangiogenic, anti-apoptotic, and proadipogenic effects (Yoshimura et al. 2010) . Indeed, these cells have been shown to promote adipose cell replication, incorporate into vessel walls, and decrease the local inflammatory response (Rehman et al. 2004 ). Potentially, they produce a series of autocrine factors, that affect the cell itself, and paracrine, that have an effect on neighboring cells (Yang et al. 2010; Takeda et al. 2015; Wang et al. 2015) . Moreover, they may contribute to neo-angiogenesis in the acute phase by secreting angiogenic factors and by acting as endothelial progenitor cells (Tiryaki et al. 2011 ). Thanks to their ability to differentiate into adipocytes and to induce neo-angiogenesis, when they are transplanted together with the adipose tissue, qualitatively and quantitatively improve the adipocytes increasing the possibilities for the adipose tissue to engraft (Sterodimas et al. 2011) . Indeed, several clinical evidences have been published, confirming the potential role of ADSCs in either reconstructive surgery or esthetic surgery for the body remodeling (Zhu et al. 2010; Yoshimura et al. 2010; Yoshimura et al. 2008; Strem et al. 2005) .
Leaving from this background, the goal of our project was to define an original and efficacious method to isolate ADSCs from liposuction aspirates. First point was the selection of the most suitable anatomical area for the liposuction. In a recent study, no statistical differences were demonstrable in adipocyte viability among thigh fat, flank fat, abdominal fat, or knee fat donor sites (Ullmann et al. 2005) . Nevertheless, the abdominal area seems to be preferable for harvesting adipose tissue in which the stromal vascular fraction is well represented (Jurgens et al. 2008) ; therefore, in our experimental setting, the abdominal fat was chosen as an ideal source of ADSCs.
Second point was to define an experimental protocol where mechanical or chemical insults are greatly reduced to avoid damages to the tissue architecture that could cause the necrosis of the injected fat tissue (Pereira and Sterodimas 2010) . Recent reports have shown that mechanical centrifugation does not appear to enhance immediate fat tissue viability before implantation (Rohrich et al. 2004) . Centrifugation, however, is able to increase the concentration of the stromal vascular fraction and of ADSCs, although disproportionate centrifugation can damage adipocytes as well as ADSCs. The degree of adipocyte destruction differs among patients, but only minor differences in percentage of cell destruction have been shown among the different centrifugal forces, while a great variability is demonstrated among patients . In our setting, we used centrifugation conditions comparable to that considered optimal for obtaining good results in adipose transplantation (Kim et al. 2009 ). To further overcome the mechanical injury of fat tissue, the Prolipostem® kit was equipped with a special vacuum syringe that allows the aspiration of fat without the use of pneumatic pumps. Moreover, a special tissue fat collection chamber, defined Promobarell®, was designed to efficiently recover from the lower portion the stromal tissue and ADSCs at the end of the centrifugation.
The first end-point of the study was to determine the presence of ADSCs in the fatty and fluid portions of the liposuction aspirate treated with the Prolipostem® kit. It is well known that ADSCs express, among the other superficial markers, β1-integrin (Quisenberry et al. 2016; Lu et al. 2014) . To this end, an immunocytochemical approach was used to demonstrate the expression of β1-integrin on the surface of the ADSCs recovered.
The second end-point of the study was to demonstrate the ability of ADSCs to differentiate in adipocytes using different mediums. Indeed, in our in vitro experimental conditions, ADSCs were able to completely differentiate into mature adipocytes, as morphologically demonstrated by Oil Red staining. The stimulation of stem cells was determined not only by biomimetic peptide but also by the other reagents, including hyaluronic acid and calcium gluconate. Interestingly, the use of platelets resulted in a more toxic effect.
Indeed, previous experiences have led to the reflection that lipogenic glucose solutions enriched with 0.5% hyaluronic acid and calcium gluconate 1% are able to induce further engraftment and differentiation of ADSCs in the host tissue (Ceccarelli and García 2010) . In detail, the dermal implantation of adipose tissue is able to induce also a fibroblast differentiation of stem cells that extend and enhance the regenerative effects of the implant (Ceccarelli and García 2010) . It is possible to hypothesize that the addition of lipogenic solutions to the fat tissue enriched with ADSCs in the site of implant would increase the number of mature adipocytes. This, in turn, would increase the percentage of success of the implant. This phenomenon has been named liposowing (Ceccarelli and Garcia 2011) .
Conclusions
In conclusion, treatment of the abdominal fat derived from liposuction aspirates with the Proplipostem® kit is capable to isolate ADSCs that are able to differentiate in mature adipocytes in vitro thanks also to the action of lipogenetic factors that are able to amplify the phenomenon. Therefore, by combining traditional fat grafting with ADSCs, obtained by Prolipostem® kit, it could be possible to overcome the problems associated with autologous fat transfer into areas with an impaired environment for fat graft survival. Additional studies are ongoing to confirm the clinical relevance of these results.
Abbreviations ADSCs: Adipose-derived stem cell; DAB: Diaminobenzidine; DMEM: Dulbecco's modified Eagle's medium; FBS: Fetal bovine serum; PBS: Phosphate-buffered saline
